Digital cinema (d-cinema) is the highest quality electronic motion imagery for entertainment. The cinema is presented in a theatrical environment, with high brightness projectors, high rate data transfer, and high resolution color imagery. The entertainment industry uses formats that are specific to film-based electronic imagery. This report describes software tools for viewing digital cinema specific imagery (DPX format) and converting it to and from other common image formats, such as TIFF, BMP, and JPG. It includes sample test imagery, which has been generated in connection with recent d-cinema system tests. The d-cinema viewer/converter is available on line.
Introduction
The introduction of digital projection as an alternative to film for entertainment cinema raises a number of challenging issues: transfer of large data files, maintaining the security of the digital movie, its storage and preservation, and the quality of the imagery, among others. The DC2001 Conference Proceedings (http://digitalcinema.nist.gov/agenda.html) provides an introduction to these challenges. This report describes one part of the quality puzzle for electronic projection systems. We present software tools for viewing and manipulating d-cinema test imagery. In addition, example software is included for generating the patterns. A viewer/converter that runs on PC-platforms is available for download, as are a number of test patterns.
The test materials are intended for use in characterizing electronic systems used to project imagery. The measurements are based on the IEC [1] and VESA [2] projector display measurement standards. The characteristics of the systems may depend on the projectors, the storage system, interfaces, and converters. In the June 2001 MPEG digital cinema compression tests, two display systems were used with differing interfaces and image formats. We used the IEC and VESA display measurement standards to characterize the display systems, not simply the projectors. The test patterns were stored and played out using the same components as for the subjective viewing tests. A more detailed report on these measurements is available [3] .
Test imagery intermediates are generated in 10-bit per sample TIFF format. DPX and YUV formats are required for presentation. This report describes the basic characteristics of d-cinema image formats and presents ImageViewer for viewing and converting d-cinema materials on PCs.
Image Characteristics
For the recent MPEG projection system characterization [3] , the characteristics of the test patterns are the same as those of the materials for the subjective tests. While the patterns described in Electronic Projection [1] are given by analog specifications, the present patterns are the corresponding digital signals as specified in the relevant SMPTE standard [3] . The digital characteristics of the test patterns for the two projectors used in the MPEG d-cinema tests are detailed in Table 1 . The NIST software supports conversion of color imagery at either 8-or 10-bits per color sample. 
Test Images
Each projection system requires multiple test patterns for the measurements reported to MPEG. The patterns, together with illustrative images of the active image area, are summarized in this section. Most patterns appear in two versions, one with and one without circles. Circle patterns are used to align the measurement apparatus. Measurements are made on patterns without alignment circles.
# Certain commercial products are mentioned in this report. Such mention is not an endorsement of the products by NIST, nor is it meant to imply they are the best for the purpose of the reported research. 
Image viewing and conversion.
The NIST ImageViewer supports conversion of the patterns to 32-bit DPX. Conversions from YUV to RGB are presented briefly in Section 5.1. YUV uses subsampled color and has lower resolution than DPX or TIFF. The test patterns were generated as 48-bit TIFF RGB (packed 10-bit color samples) using MatLab software.
Image Viewing and Conversion
The viewer/converter, ImageViewer, is adapted from a viewer distributed with the Borland C++ Builder package. This section describes the use of ImageViewer including Figure 1 showing the graphical user interface and a Manual Page. Because the native display format for PCs is 24-bit RGB, the 10-bit per sample d-cinema imagery is displayed at 8-bits per sample, which is at less than the available bit depth. 
Matlab test pattern generation
The Appendix, Section 7, lists sample Matlab image generation code for the Chess with alignment circles pattern. The simplicity of the test patterns permits straightforward coding. Circles are generated as annular regions of points (i,j) satisfying an inequality:
The output of 48-bit TIFF imagery is handled by a Matlab function call that packs each 10-bit color sample into a 16-bit word.
imwrite(uint16(65535*pattern1),'chess.tif','tif','Compression','none');
While there are a variety of picture editors that can be used to generate the patterns, doing so for d-cinema requires output at 10-bit color sampling, which is supported by the TIFF library.
Image Formats
The NIST ImageViewer supports conversion of imagery with linearly scaled RGB into TIFF and DPX at both 10 and 8 bits per color sample. For the most part, these conversions reformat without a change of color space. The conversions from YUV to RGB involves mapping from one of two possible YUV spaces, the different color spaces of digital standard definition television [7] and that for HDTV production [5] . In addition, YUV uses subsampled P R and P B and so has lower resolution than DPX or TIFF. The ImageViewer can be found on the web site http://www.itl.nist.gov/div895/TestPatterns/index.html. The source code for these conversions is available from the authors. Similarly, almost all of the 8-bit YUV imagery conforms to Rec. 601 colorimetry [7] . 
YUV

DPX
DPX is a flexible image format. The header is about 2K bytes and specifies characteristics of the image including image format, film-related information, televisionrelated information, and user-defined data. The format accommodates various color systems including RBG and YUV (or YP R P B ) in 8-, 10-, and 12-bit color sample size. ImageViewer supports input and output of DPX in 24-and 32-bits per RGB pixel.
TIFF packing of RGB
TIFF is a flexible tagged image file format. In the present implementation, the test patterns are in 48-bit per pixel formats. The TIFF library is large and is available on line from a number of sources, including http://www.libtiff.org/. ImageViewer supports reading and writing of TIFF in 24-and 48-bit RGB files.
Conclusions
The present tool set for generating, viewing, and converting digital cinema imagery is PC-based and freely available. The Matlab pattern generators and the C++-based ImageViewer are two pieces in a number of elements needed to explore the interchange of visual information across platforms ranging from the very highest available quality down to television, computers, and even lower resolution devices. The interfaces for image I/O are available from the authors. In its present form ImageViewer should enable users to convert small clips of digital cinema in a flexible manner.
